Determination of Minimum Bactericidal Concentration (MBC)
Anaerobes were cultured in the GAM liquid medium at 37°C for 24 hours. The cultures were then diluted and inoculated at a final cell concentration of 104 ~ 105 cfu/ml to the fresh GAM liquid medium containing a test antibiotic at various concentrations.
After culturing at 37°C for 24 hours, the MIC was determined. One loopful of each culture (ca. 10 pl) was spread onto GAM plates containing no antibiotics, and the plates were incubated at 37°C for 24 hours. The MBC was defined as the lowest antibiotic concentration in the GAM liquid medium in which a test anaerobe had been cultured and showed no growth on the antibiotic-free GAM plate.
Stability to 3-Lactamase Preparation of Crude Enzyme Solution: Five strains of B. fragilis were cultured in GAM bouillon, and the log-phase cells (6-hour culture) were collected. The cells were then sonicated and centrifuged (at 15,000 rpm for 60 minutes), and the resulting supernatants were used as crude enzyme solutions.
Antibiotics Tested: The following antibiotics were compared for stability to the actions of the above 3-lactamases. Cefminox, cefazolin (CEZ), cefpiramide (CPM), cefoperazone (CPZ), ceftazidime (CAZ), cefotaxime (CTX) and cefoxitin.
Determination of 3-Lactamase Activity: Macroiodometry4) was employed.
Results
Antibacterial Spectrum Tables I and 2 present the results of studies on the anaerobic antibacterial spectrum of CMNX in comparison with LMOX, CMX, CZX and CFX.
CMNX inhibited the growth of all 50 reference strains of 35 species -except for the one strain of Clostridium innocuum ATCC 14501 -at a concentration of 6.25 pg/ml at a starting cell density of 106 cfu/ml, and at 12.5 jig/ml at 108 cfu/ml. CMNX was thus found to have a broad antibacterial spectrum covering a wide range of anaerobes. When comparison was made of the antibacterial activities of CMNX and the other antibiotics, CMNX's activity against B. fragilis strains was inferior to LMOX but superior to CFX. However, against all other strains, CMNX's antibacterial activity was superior to the activities of LMOX and CFX.
Distribution of Susceptibility of Clinical Isolates to Antibiotics
The distributions of the susceptibility of the clinical isolates to CMNX and the other control antibiotics are compiled in Tables 3 ~ 11 .
The MIC values of CMNX for 27 strains of B. fragilis ranged from 0.78 to 3.13 pg/ml at a starting cell density of both 106 and 108 cfu/ml; the MIC distribution peak occurred at 0.78 Fig/ml. When the susceptibility of B. fragilis strains to CMNX was compared to their susceptibility to the other antibiotics, the order was LMOX> CMNX> CZX> CMX> CFX at 106 cfu/ml, while it was LMOX> CMNX> CFX> CMX> CZX at 108 cfu/ml.
The MIC values of CMNX for 9 strains of B. melaninogenicus ranged -except for one strainfrom 0.10 to 0.78 jig/ml when a starting cell density of 106 cfu/ml was employed, while it rangedexcept for one strain -from 0.10 to 1.56 Fig/ml when 108 cfu/ml was employed. When a comparison was made among the antibiotics with regard to the susceptibility of B. melaninogenicus, the order was Abbreviation: P, Peptostreptococcus; S, Streptococcus; E, Eubacterium; P*, Propionibacterium; C, Clostridium. Inoculum; cfu/ml. Abbreviation: B, Bacteroides; F, Fusobacteriunt; V, Veillonella. * Is: Inoculum size (cfu/ml) . * Is: Inoculum size (cfu/ml) . * Is: Inoculum size (cfu/ml) . * Is: Inoculum size (cfu/ml) . * Is: Inoculum size (cfu/ml) . In the case of 14 strains of Veillonella parvula, the MIC values of CMNX were 0.10~3.13 pg/ml at 106 cfu/ml and 0.20~3.13 jig/ml at 108 cfu/ml. The order of the susceptibility to CMNX and the other antibiotics was CMX> CZX> CMNX=CFX> LMOX at 106 cfu/ml and CMNX=CMX> CZX=CFX>LMOX at 108 cfu/ml.
The MIC values of CMNX for 10 strains of Peptostreptococcus magnus ranged from 0.20 to 1.56 pg/ml at 106 cfu/ml and from 0.78 to 3.13 pg/ml at 108 cfu/ml. The order of the susceptibility was CFX> LMOX=CZX>CMNX=CMX at 106 cfu/ml, while it was CFX> CMNX=LMOX> CMX> CZX at 108 cfu/ml.
The MIC ranges of CMNX for 12 strains of P. asaccharolyticus were 0.05 ~ 0.20 pg/ml at 106 cfu/ml and 0.10~0.20 pg/ml at 108 cfu/ml. The order of the susceptibility was CFX=CZX> LMOX= CMX> CMNX at 106 cfu/ml and CZX> CFX> CMX> CMNX> LMOX at 108 cfu/ml.
The MIC ranges of CMNX for 8 strains of P. anaerobius were 0.78~3.13 p.-/ml at 106 cfu/ml and 1.56~ 3.13 pg/ml at 108 cfu/ml. The order of the susceptibility was CZX> CMX> CFX> CMNX> LMOX at 106 cfu/ml and CZX>CMX=CFX> CMNX> LMOX at 108 cfu/ml.
The MIC ranges of CMNX for 7 strains of P. prevotii were 60.025 ~ 0.20 /(g/ml at 106 cfu/ml and 0.05~0.39 pg/ml at 108 cfu/ml. The order of susceptibility was CFX>CMNX>CZX=CMX= LMOX at 106 cfu/ml and CFX>CMX=CMNX> CZX= LMOX at 108 cfu/ml.
The MICs of CMNX for all 16 strains of C. difficile were 3.13 pg/ml at both 106 and 108 cfu/ml.
Also, the order of the susceptibility was the same at both 106 and 108 cfu/ml, that is, CMNX> CMX> LMOX=CFX> CZX.
In the case of 14 strains of C. perfringens, the MIC values of CMNX ranged from 0.10 to 3.13 pgl ml at 106 cfu/ml and from 0.20 to 100 pg/ml at 108 cfu/ml. The order of the susceptibility was LMOX> CMNX=CMX> CFX> CZX at 106 cfu/ml, while it was CFX> CMNX=LMOX=CZX= CMX at 108 cfu/ml. Stability of CMNX to ;3-Lactamase of B. fragilis The stability of CMNX to the 3-lactamases obtained from 5 strains of B. fragilis was compared with the stabilities of CEZ, CPM, CPZ, CAZ, CTX and CFX. The rate of hydrolysis of CEZ by each ;3-lactamase preparation was defined as 100. The results are presented in Table 13 .
Comparison of MIC and MBC for Various Anaerobes
As was the case with CFX, CMNX underwent almost no hydrolysis by the 3-lactamase preparations obtained from B. fragilis.
Discussion
Cefminox (CMNX), a newly-developed antibiotic of the cephamycin group, was studied in vitro for its antibacterial activity against anaerobes in comparison with CFX, LMOX, CZX and CMX.
The antibacterial activity of CMNX against B. fragilis, which is frequently isolated from clinical specimens, was somewhat inferior to that of LMOX but superior to CFX. Especially, in comparison with the fact that CFX demonstrated lower MICs than CZX and CMX at a starting cell density of 108 cfu/ml but higher MICs than CZX at 106 cfu/ml, CMNX demonstrated lower MICs than CZX and CMX at both 106 and 108 cfu/ml.
The antibacterial activity of CMNX against C. difficile, which is known as a causative bacterium of diarrhoea and of pseudomembranous colitis occurring in connection with chemotherapy, was better than the activity of any of the other tested antibiotics, and an MIC of 3.13 ,ug/ml was obtained for each of the tested strains. Compared with CFX, CMNX's antibacterial activity tended to be better against B. fragilis and C. difficile, but poorer against anaerobic cocci (P. magnus, P. asaccharolyticus, P. anaerobius and P. prevotii).
Compared with LMOX, the antibacterial activity of CMNX tended to be inferior against B. fragilis, B. melaninogenicus, P. magnus and P. asaccharolyticus, but superior against V. parvula, P. anaerobius and P. prevotii.
The MIC values of CMNX for the anaerobes were exactly the same as its MBC values in 10 of the 11 strains tested, and thus CMNX exerted a complete bactericidal effect at its minimum inhibitory concentrations.
In addition, CMNX as well as CFX was found to be very stable to the action of the p-lactamases produced by B. fragilis.
On the basis of the above results, CMNX can be considered to have a high potential as a therapeutic agent for the treatment of anaerobic infections, especially those in which B. fragilis is involved.
